Objective: To determine the prevalence and correlates of anaemia in male and female adolescents in Riyadh, Kingdom of Saudi Arabia. Design: A cross-sectional community-based study. Setting: Five primary health-care centres in Riyadh. Subjects: We invited 203 male and 292 female adolescents aged 13-18 years for interview, anthropometric measurements and complete blood count. Blood Hb was measured with a Coulter Cellular Analysis System using the light scattering method. Results: Using the WHO cut-off of Hb < 12 g/dl, 16·7 % (n 34) of males and 34·2 % (n 100) of females were suffering from anaemia. Mean Hb in males and females was 13·5 (SD 1·4) and 12·3 (SD 1·2) g/dl, respectively. Values for mean cell volume, mean cell Hb, mean corpuscular Hb concentration and red cell distribution width in male and female adolescents were 77·8 (SD 6·2) v. 76·4 (SD 10·3) μm 3 , 26·1 (SD 2·7) v. 25·5 (SD 2·6) pg, 32·7 (SD 2·4) v. 32·2 (SD 2·6) g/dl and 13·9 (SD 1·4) v. 13·6 (SD 1·3) %, respectively. Multivariate logistic regression revealed that a positive family history of Fe-deficiency anaemia (OR = 4·7; 95 % CI 1·7, 12·2), infrequent intake (OR = 3·7; 95 % CI 1·3, 10·0) and never intake of fresh juices (OR = 3·5; 95 % CI 1·4, 9·5) and being 13-14 years of age (OR = 3·1; 95 % CI 1·2, 9·3) were significantly associated with anaemia in male adolescents; whereas in females, family history of Fe-deficiency anaemia (OR = 3·4; 95 % CI 1·5, 7·6), being overweight (OR = 3·0; 95 % CI 1·4, 6·1), no intake of fresh juices (OR = 2·6; 95 % CI 1·4, 5·1), living in an apartment (OR = 2·0; 95 % CI 1·1, 3·8) and living in a small house (OR = 2·5; 95 % CI 1·2, 5·3) were significantly associated with anaemia.
Anaemia is global public health problem affecting both developed and developing countries with major consequences for human health as well as social and economic development. According to the WHO, 50 % of the world's population is below 25 years of age and almost one-third is 10-24 years old. Globally, the prevalence of anaemia among adolescents is 6 % in developed countries and 27 % in developing countries (1) . Regional studies on anaemia in adolescents have reported varying results. A study on Kuwaiti adolescent girls (aged 17-24 years) found 30 % of females to be suffering from anaemia (2) . A study conducted in high and low socioeconomic areas of Baghdad province in Iraq found 12·9 % and 17·6 % of male and female adolescents (aged 11-19 years) to be suffering from anaemia (3) . In contrast, a study from the United Arab Emirates reported Fe-deficiency anaemia (IDA) prevalence of 5 % among adolescents (15-18-year-old males and females) (4) . In the Kingdom of Saudi Arabia (KSA), most of the studies on nutritional status have focused on children and adults, hence data on the nutritional status of adolescents are meagre (5, 6) . One cross-sectional survey conducted by the Health Directorate in Riyadh city among schoolgirls (16) (17) (18) years old) showed that the prevalence of anaemia was 40·5 % (7) . A study conducted in four provinces of KSA found that anaemia was prevalent at moderate to high rates among adults, ranging from 7·2 to 16·5 % in the males and from 10·8 to 23·5 % in the females; and from 16·5 to 41·3 % in children (<14 years) (8) . Abalkhail et al. conducted a study in Jeddah schools in 2002 and found 20·5 % of Saudi students (<12 years) suffering from anaemia. Anaemia was significantly more prevalent among 12 years old, those attending governmental schools, born to loweducated mothers and belonging to low socio-economic background (9) . Research has found that adolescents are at an increased risk of developing anaemia due to increasing Fe demand during puberty, menstrual losses, limited dietary Fe intake and faulty dietary habits (10) . Deficiencies of other nutrients (such as folic acid, protein, vitamin B 12 , vitamin A and Cu) and poor absorption of Fe from diets high in phytate or phenolic compounds may contribute (11) . Additionally, household characteristics such as hygiene, parental education, household income and number of children in the family are also important determinants of anaemia (12) . Recently, lifestyle factors leading to obesity such as sedentary lifestyle, fast-food intake and preference for indoor activities have been associated with anaemia (13) . Anaemia, especially in females, affects the whole life cycle if not diagnosed or treated in a timely manner. It could lead to poor maternal and neonatal outcomes and there is increased risk of disabilities in the post-reproductive period (14) . Newborns or young children born to anaemic mothers are more likely to have atrial septal defects, attention deficit hyperactivity disorder, delayed development and mental retardation (14) . Clinical studies also support findings that IDA is significantly associated with increased risks of unipolar and bipolar depressive disorder and anxiety disorders (15) . Additionally, Fe can have bone-protective effects and so deficiency of this element can negatively affect bone mass, which is especially important during infancy and adolescence (16) . Anaemia not only affects the health profile but also hampers educational achievement and causes differences in performance of both sexes (17) ; hence it is pertinent to identify the significant factors associated with anaemia among adolescents.
KSA not only has a high prevalence of anaemia but factors like unawareness, obesity and unhealthy lifestyle are highly prevalent (18) . In the absence of current data, the present study was designed with the objective of measuring the prevalence of anaemia and its correlates in Saudi male and female adolescents in Riyadh city, KSA.
Methods
We conducted a community-based, two-staged household cross-sectional survey. According to the 2010-2011 census report, Riyadh has a total population of 3 151 209 individuals (19) . In the first stage a complete list of primary health-care centres (PHCC) was formulated and one PHCC was randomly selected from each of the five administrative regions (East, West, North, South and Central) of Riyadh city. In the second stage, households were randomly selected and invited from the catchment area of each selected PHCC. Inclusion criteria for participants were Saudi national, aged between ≥13 and ≤18 years and resident of Riyadh city, KSA. Assuming that an average Saudi family in Riyadh region will have at least one eligible adolescent in their house, and keeping the refusal rate at 20 %, we planned to select 110 houses from the catchment area of each PHCC making a total sample of 550 adolescents. If more than one eligible adolescent was present in a house, all those fulfilling the inclusion criteria were invited to participate and visit the respective section in the PHCC (there is separate section in the PHCC for males and females) for questionnaire filling, anthropometric measurements and blood sample collection. On behalf of adolescents, their parents read and signed the informed consent. The Ethical Review Board of King Saud University approved the study protocol.
Tool for data collection
The questionnaires inquired about sociodemographic characteristics (age, education, type and ownership of residence); dietary history (frequency of intake of red meat, vegetables, eggs, tea or coffee, fruit juices, beverages and laban (diluted yoghurt commonly used in KSA)); past or current medical conditions (peptic ulcer, haemorrhoids, cancer, bilharziasis and blood transfusion); and family history of IDA and smoking history. In addition, for females, specific questions were asked about age at menarche, menstrual flow and type (passing any blood clots). Information on number of pregnancies, abortions and use of contraceptives was collected from married adolescents. Male and female nurses were trained to conduct the interviews, take anthropometric measurements and draw, label and store blood samples. Weight and height were measured using an electronic scale (Seca 220, Hamburg, Germany, 2009). Based on the formula weight/height 2 , BMI (kg/m 2 ) was calculated for each participant.
Blood sample for Hb estimation A 5 ml sample of venous blood was taken for haematological examinations including Hb, red blood cell count, haematocrit and red cell indices: mean cell volume (MCV), mean cell Hb (MCH), mean cell Hb concentration (MCHC) and red blood cell distribution width (RDW). Blood samples were collected in labelled and prepared tubes containing EDTA or heparin and stored in the refrigerator. By the end of the day (16·00 hours) all samples were sent in a cold box to the King Khalid Hospital laboratory where Hb estimation was performed by laboratory technicians using the UniCel ® DxH™ 800 Coulter ® Cellular Analysis System (Beckman Coulter, Inc., USA). The light scattering method was used to measure Hb and red cell indices under the supervision of a haematologist. Quality control procedures (Coulter ® 6C Cell Control) as instructed by the manufacturer were followed.
Statistical analysis
Data were analysed using the statistical software package IBM SPSS Statistics version 19. The outcome variable (anaemia) was dichotomized as anaemic and non-anaemic according to the WHO cut-off of Hb level <12 g/dl (20) . Descriptive statistics with means and standard deviations were calculated for blood indices, whereas proportions were calculated for categorical variables. In order to formulate categorical variables, age was divided into three categories: 13-14 years, 15-16 years and 17-18 years. BMI was divided into the following categories: underweight (≤18·5 kg/m 2 ), normal (>18·5-24·9 kg/m 2 ), overweight (≥25·0-29·9 kg/m 2 ) and obese (≥30·0 kg/m 2 ). Similarly, dietary intake was divided into: frequent (5-7 d/week), infrequent (2-4 d/week) and no intake (0-1 d/week). The level of statistical significance was kept at P < 0·05. Univariate analysis was done to identify biologically plausible and statistically significant variables. Forward multiple logistic regression analyses were performed, using the stepwise forward method, to identify important correlates associated with anaemia in male and female adolescents. Plausible interactions were checked before developing the final model.
Results
Initially we planned to invite 550 households; however, we were able to achieve our sample size by enrolling 347 households. All of them verbally agreed to come and participate, but fifty households did not report to the centre during the data collection period. With response rate of 85 %, 297 households participated; 161 adolescents belonged to the 'single adolescent per family' category, 188 adolescents belonged to 'two adolescents per family', whereas the rest (n 151) belonged to 'three or more adolescents per family'. Five forms were not included in the analysis because of incomplete information/missing blood reports; hence in total there were 495 participants.
There was no significant difference between the mean age of males and females (15·3 (SD 1·7) v. 15·2 (SD 1·7) years, respectively; P = 0·92), ranging from 13 to 18 years. Most (about 65-75 %) of the male and female adolescents were studying either in secondary or intermediate level (P = 0·14). Few adolescents (2-8 %) were living in shared residences as compared with rented and self-owned accommodation. Mean BMI for males and females was 22·1 (SD 5·71) and 22·2 (SD 5·71) kg/m 2 , respectively (P = 0·86; Table 1 ). Only 3·9 % (n 8) of male adolescents mentioned that they were current smokers and smoked <5 cigarettes/d (none of the females was a smoker). Menstrual history was taken from females. Only a few (7·5 %) adolescent females complained about passing clots and 9·5 % mentioned heavy periods; however, their mean Hb was within the normal range (12·4 (SD 1·3) g/dl). Among females, 3·4 % (n 10) were married, five were pregnant and two were lactating, and their mean Hb was 12·1 (SD 1·4) g/dl. None of the adolescents were using any type of contraceptive (results not shown in table). More male anaemic adolescents were suffering from intestinal worms (8·8 % v. 7·0 %), bilharziasis (11·8 % v. 7·0 %) and family history of IDA (29·0 % v. 19·0 %) as compared with female anaemic adolescents. Only two participants among males and females mentioned having haemorrhoids.
Keeping the cut-off at Hb < 12 g/dl, the prevalence of anaemia was 17·0 % (34/203) in males and 34·2 % (100/292) in female adolescents in Riyadh. Mean Hb in males and females was 13·5 (SD 1·8) and 12·4 (SD 1·5) mg/dl, respectively (P = 0·00). Mean values for blood indices (MCH, MCV, MCHC and RDW) are mentioned in Table 2 . The frequency and unadjusted odds ratio and 95 % confidence interval for different dietary items in males and females are presented in Table 3 . Fifty-three per cent of anaemic males and 52 % of anaemic females consumed red meat frequently. Similarly, 65 % of anaemic males and 68 % of anaemic females consumed green vegetables frequently. Fewer anaemic females (26 %) than anaemic males (35 %) consumed tea frequently. Almost equal numbers of anaemic males (50 %) and anaemic females (54 %) consumed laban (diluted yoghurt) frequently. Fifty per cent of anaemic males and 44 % of anaemic females were frequently consuming eggs. About 50 % of anaemic males and females were not taking fruit juices at all.
Univariate analysis found young age (13-14 years; OR = 3·1; 95 % CI 1·2, 8·3), living in an apartment (OR = 2·3; 95 % CI 1·1, 5·3), living in a shared house (OR = 5·0; 95 % CI 1·1, 20·1), having a past history of bilharziasis (OR = 5·5; 95 % CI 1·3, 23·2), having a positive family history of IDA (OR = 5·0; 95 % CI 1·9, 12·6) and infrequent and never intake of fresh juices (OR = 3·7; 95 % CI 1·3, 10·1 and OR = 4·3; 95 % CI 1·6, 11·2, respectively) were significantly associated with anaemia among male adolescents (Tables 1 and 3 ). In females, univariate analysis found age group of 15-16 years was protective of anaemia (OR = 0·5; 95 % CI 0·2, 0·8). Similar to male adolescents, living in an apartment or a small house (OR = 1·9; 95 % CI 1·1, 3·4 and OR = 2·6; 95 % CI 1·4, 5·1, respectively), having a family history of IDA (OR = 3·5; 95 % CI 1·6, 7·6) and infrequent and no intake of fresh juices (OR = 2·3; 95 % CI 1·2, 4·6 and OR = 3·2; 95 % CI 1·7, 5·9, respectively) were significant in female adolescents (Tables 1 and 3 ). In contrast to males, overweight category (BMI between 25·0 and 29·9 kg/m 2 ) was significantly associated with anaemia in female adolescents (OR = 2·6; 95 % CI 1·3, 5·1; Table 1 ).
Forward multivariate logistic regression revealed that having a family history of IDA (OR = 4·7; 95 % CI 1·7, 12·2), infrequent and no intake of fresh juices (OR = 3·7; 95 % CI 1·3, 10·0 and OR= 3·5; 95 % CI 1·4, 9·5, respectively) and young age (OR = 3·1; 95 % CI 1·2, 9·3) were significantly associated with anaemia in male adolescents (after adjusting for socio-economic conditions; Table 4 ). In females, a family history of IDA (OR = 3·4; 95 % CI 1·5, 7·6), being overweight (OR = 3·0; 95 % CI 1·4, 6·1), no intake of fresh juices (OR = 2·6; 95 % CI 1·4, 5·1) and living in an apartment or a small house (OR = 2·1; 95 % CI 1·1, 3·8 and OR = 2·6; 95 % CI 1·2, 5·3, respectively) were significantly associated with anaemia (after adjusting for age; Table 5 ).
Discussion
Our community-based research was conceived and designed with the objective to determine the prevalence and correlates of anaemia in male and female adolescents. Our findings revealed that young age, being overweight, having a positive family history of IDA, low socio-economic status and lack of intake of fruit juices were significantly associated with anaemia in adolescents in KSA. The prevalence rates of 16·7 % and 34·0 % in male and female adolescents, respectively, are in line with previous studies conducted in the Kingdom and other Gulf countries, which reported anaemia to be higher among female adolescents (22·4-40·0 %) than in males (12·8-18·4 %) (2, (5) (6) (7) 9) . It is suggested that in males the achievement of adult testosterone concentration is associated with an increase in erythropoiesis (21) ; therefore, the lower prevalence of anaemia among pubertal/ adolescent boys can be explained by the physiological rise in Hb concentration caused by sexual maturation as well as by decreasing requirements after completion of the growth spurt (22, 23) . This fact is supported in our study by showing the 13-14 year age category being at risk of developing anaemia as compared with older age groups (15 and above years). The mean Hb among 13-14-year-old boys was 12·4 mg/dl, whereas among boys aged 15-16 years and 17-18 years it was 13·64 mg/dl and 14·24 mg/dl, respectively. In contrast, among girls, occurrence of menarche and menstrual irregularities may halt an expected age-related increase in Hb concentration (24) . In our study, about 80 % of females stated having menarche at 12-13 years; hence the higher (34·2 %) prevalence of anaemia among females could be due to earlier pubertal onset or menarche.
Several studies have established overweight and malnourishment as important factors causing anaemia (25, 26) . Our results are in accordance with previous studies; however, this association was significant among females only. Recently, the role of inflammatory processes in causing anaemia among overweight/obese people has been highlighted (26) . Overweight/obesity is considered a chronic inflammatory process because macrophages in adipose tissues synthesize pro-inflammatory cytokines including IL-6 and TNF-α. These cytokines lead to increased hepcidin release/synthesis from the liver and adipocytes. Hepcidin causes degradation of ferroportin, which is a cellular Fe exporter at the baso-lateral membrane of duodenal enterocytes and macrophages, resulting in inhibition of Fe flow into the plasma from dietary Fe-absorbing enterocytes and Fe-recycling macrophages (27, 28) . This leads to impaired dietary Fe repletion and reduced Fe stores causing anaemia of chronic inflammation condition. Obesity is highly prevalent among Saudi children and adolescents; and with the help of above explanation, we can easily anticipate the burden of anaemia among adolescents. In addition, sedentary lifestyle, consumption of highly caloric foods deficient in Fe/essential nutrients and the greater need for Fe intake associated with body weight further increase the risk of anaemia among those who are obese and overweight (29) . The reason for not finding a similar association among males could be the small number (n 7) of male participants in this specific category. In addition, the food habits of the Saudi population have changed drastically from the traditional diet, which consisted of dates, milk, rice, fresh vegetables and fish, being replaced with junk foods and less green vegetables and fruits (30) . Intakes of fruits and vegetables make an essential part of a healthy diet because they protect from and prevent several chronic diseases (31) . One important component of fruit juices is ascorbic acid (vitamin C). Ascorbic acid, which is an antioxidant, enhances the absorption of nonhaem Fe in the body (32) . An experimental study conducted by Kim et al. found ascorbic acid could counteract the inhibitory effect of polyphenolic compounds and hence enhance the transepithelial Fe transportation (33) . The average daily requirement for ascorbic acid for males and females ranges from 65 to 75 mg (34) . According to one Spanish study, various fruit juices contain high quantities of ascorbic acid (352-840 mg/litre) which is several times more than the average daily requirement (65-75 mg) (35) . We are limited in commenting on the quantity of vitamin C consumed, as we did not collect the information on quantity of fruit juice consumed by the adolescents. In addition to the above, there may be different reasons explaining the association between fruit juice and anaemia; these individuals may be generally following a healthy lifestyle, or may be more aware about quality diet perhaps because of higher socio-economic class (although in KSA a one-quarter size fruit juice pack is 1·50 SR only). The last reason is supported by our results which found that adolescents living in villas consumed fruit juice more frequently than those living in apartments; however, these findings were statistically insignificant in males (P = 0·08) and significant in female adolescents only (P < 0·05).
We found a strong association between a positive family history of IDA and anaemia in adolescents (OR = 2·64; 95 % CI 1·27, 5·09). A family history of IDA among mothers, siblings, spouses or fathers increased the risk by three-to sixfold (36) . Hence, if anaemia is diagnosed even in a single member of the family, all other members should undergo screening to identify the cause and prevent future grave consequences. Various studies are available suggesting that poor household environment, high crowding index, poor hygiene and low educational background all contribute towards anaemia (19) . Our participants were adolescents and therefore their age corresponded to their educational level, so using any one variable in the model was logical. Bilharziasis, a disease once prevalent in KSA, mostly in the south region (37) , was significant in univariate analysis only. Bilharziasis mostly occurs due to unawareness and unhygienic conditions (37) ; however, because of small numbers we were not able to find it significant in the multivariate models.
The selection of participants from different types of randomly selected households makes our results generalizable to urban areas of KSA. Galobardes et al. have published a comprehensive glossary of indicators of socioeconomic position, which include ownership of one's house and household conditions (38) . Riyadh, being the capital of KSA, has all types of social classes residing in it. The housing is basically divided into four types: (i) the palaces owned only by the members of the royal family and the rich sheikhs; (ii) the villas owned by the higher and the upper middle class; (iii) the old traditional houses (small houses) mostly owned by middle-class old Saudi families; and (iv) apartments owned mostly by the working class. The participants in our study were adolescents (school-going and unemployed); therefore, 'type of house' as indicating socio-economic status was the best choice. Moreover, we found that socio-economic status did not affect the number of adolescents participating in the study (P = 0·94). We encountered some refusals; however, it did not affect our sample size. The refusal was because of various reasons: the mobility of females is restricted in KSA and they cannot come alone to the health centre; adolescents' school timings clashing with the health centre timings; and some refused because of extreme hot weather.
This was a community-based study and included adolescents belonging to all three age groups (13-14 years, 15-16 years and 17-18 years). There are some limitations with the study. First, our diagnosis for anaemia was based on single measure of blood Hb level and other blood indices (Table 1 ) and we were limited in measuring serum ferritin, which is essential for labelling anaemia as IDA; hence there may be some misclassification bias. Second, the study was conducted in Riyadh alone, which is an urban city; therefore the results are representing only the urban settlements of KSA. Third, food items like meat, eggs and vegetables are considered good sources of Fe; however, we did not collect detailed history about the quantity or portion size of different dietary items, which may be the reason for not finding an association. In addition, we did not take information on Fe supplements or multivitamins, which may have affected the blood Hb level. Fourth, information related to age, diet and medical history was based on verbal responses; hence information bias related to exposures cannot be ruled out.
Conclusion
Our results conclude that the prevalence of anaemia in KSA is as high as before. According to the WHO, a 16-34 % prevalence of anaemia among adolescents places KSA among countries with anaemia as a moderate category public health problem. This problem is more prevalent among female adolescents. The significantly associated factors like young age, positive family history of IDA, overweight, lack of fresh juice intake and low socioeconomic status are apparently diverse and it may be a challenge to deal with all them together. Therefore, if the focus is on key factors like positive family history of IDA and low socio-economic status, we may be able to reduce the prevalence of anaemia. Families with poor socioeconomic status are usually less aware and unconcerned about the quality of their diet (lack of fruits and vegetables in the diet), which may lead to problems like overweight and obesity, further aggravating the problem. Hence, early identification and family screening is important. We can utilize various methods of screening; one may be the mass screening programmes conducted on an annual basis. Another method can be screening using the school health programmes and then reaching out to other family members. A recent review on the health system in KSA (39) documented the existence of school health units; however, we are not sure about their functioning.
Simple interventions, like health education, can create awareness and help in adopting healthy quality diet to prevent anaemia. The WHO has adopted various strategies that range from single interventions like 'weekly iron and folic acid supplementation' to a multi-sectoral approach (40) . One good example of the multi-sectoral approach is the control of anaemia in Nicaragua (41) . This programme was successful as institutes both at central level and local level along with communities participated. There was coordination between different sectors like health, education, food, social services, information and technology, and even international agencies. KSA should also adopt a multi-sector community-based approach for the prevention and control of anaemia. It should formulate a policy for the fortification of food items along with a health education component implemented at school level (both religious and ordinary). Participation of social agencies, religious scholars and parents can make such initiatives successful.
